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Two views of conceptual models:

• central element of monitoring plan and program
• organized and communicated complex info on system dynamics
• improved understanding
• great for justifying vital signs (will be good for interpretation)

• a real struggle – another WASO requirement
• an almost complete waste of time
• “our oversight committees hate them”
• a duplication of the obvious



Roadmap

• Goals and observations from networks 

• Examples, alternative models, etc

• Recommendations

• Resources



Goals for conceptual models

• Formalize current understanding of system processes and dynamics

• Identify linkages of processes, esp. across disciplinary boundaries

• Communicate the bounds and scope of the system of interest  

• Clearly identify important interactions and feedbacks

• Illustrate linkages between important processes and vital signs.



What is a conceptual model, really?

• table of “relationships”?

• picture of system?

• box and arrow diagram?

• narrative?



In the end, most network monitoring plans include

• box and arrow diagrams (one sort or another)

• eventually, both control (process), and stressor models

• tables with important drivers, responses

• narratives describing models

Models are expressions of hypotheses.  
Most models need periodic revision.



A few observations …

• Many model formulations are useful
• no single model type meets all needs
“All models are wrong, but some are useful” 

• Networks use multiple model structures because it’s 
easier (faster) to construct need-specific models

• Hierarchically structured sets of models have 
advantages

• can “begin at the beginning”
• systematic means to added detail over time
• coherent set of models with obvious linkages

• Craft is important – it takes time to design diagrams



A pragmatic approach to developing useful conceptual models

First steps

1. Define the objectives for the models

2. Identify model bounds 

3. Create or adopt a high-level model

• Provide overarching context

• Shared reality of system

• Prevent oversight



A good place to begin … describe the general environs



NCPN modifications to Chapin model



SWAN Holistic model





Next, develop models for important ecosystems or subsystems

Systems are place-based!  This is how most of us think about the world.

• System dynamics may determine model structure
• state and transition models

• arid, semi-arid systems (Mediterranean?)
• control model 

• causal loop, process, mechanistic model
• picture model
• EPA-type stressor model



Pine barrens state and transition model

TK = top killing, intense fire;  SCO = scorching, moderate fire
Succession model from Jordan et al. 2003



Why are state dynamics important??

Key for rare
plants

(dwarf pine plains)



Desirable park-like stand
• grassy understory
• ~ 100 trees/ac
• frequent “cool” ground fires
• fires extensive and patchy
• minimal influence by exotics

Moderately dense even or 
mixed-aged stand
• many saplings
• infrequent fire due to 
supression or non-continuous 
ground fuel
• fires likely to be intense, 
extensive, and stand-replacing

Overgrazing, fire suppression

Prescribed burning, thinning

Thin and burn?
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Dense even-aged stand
• stand-replacing fires frequent or 
infrequent
• understory vegetation sparse
• fuel load large and continuity
• fires very likely to be intense and 
spatially extensive

Ponderosa pine state and transition model
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Ponderosa pine control model



Alternative ponderosa model – GRYN stressor model



Model strengths and weaknesses

Control models
• accurately represent feedbacks and interactions
• usually most realistic structure
• construction yields insights
• often complicated and hard to communicate
• state dynamics may not be apparent

State and transition
• clear representation of alternative states
• can be simple
• good for communication to most audiences
• generally lack mechanism
• too general to directly link to vital signs

Stressor models
• provide clear link between stressor and VS
• simple and easy to communicate
• no feedbacks
• few or no mechanisms



A bit on the craft …it does make a difference!!!

• align boxes, both horizontally and vertically

• use line weights to show significance of linkage

• DO NOT use shaded boxes that will not photocopy

• use few colors and shapes 

• aggregate lines when multiple arrows got to the same sets of boxes
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Resources for model builders:

I&M Conceptual modelling web page:
www.nature.science.nps.gov/im/monitor/conceptual_models.htm

I&M Conceptual modelling document - http://www.healthywaterways.org/ 

Maddox et al.  1999 – best single paper

Pugent Sound Conceptual Models

Gulf of Alaska Ecosystem Monitoring (GEM)

Westernport Bay Conceptual Model document (Oct. 2003)

River models (Australia)  http://www.healthywaterways.org/

USDA NRCS state and transition models (Brandon Bestelmeyer)



Summary

• Recommendation: adopt a hierarchical set of models 

• Create need-specific models

• Use different model structures as appropriate

• Borrow from the many good examples
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